Neuronal Morphogenesis: Worms Get an EFF in Dendritic Arborization  by Shrestha, Brikha R. & Grueber, Wesley B.
Dispatch
R673develops inside a bean so food intake
is precisely measured, and assimilation
can be directly measured as body size
because males lack other sexual
ornaments, removing the need to
estimate inherent condition (the
condition prior to redirecting
assimilated resources towards sexual
traits).
For most traits, families with greater
inbreeding depression had lower
breeding values. This means that much
of the variation in breeding values is due
to deleterious recessive mutations,
exactly as predicted by mutation–
selection balance models. By some
estimates, up to 77%of additive genetic
variation in traits might be due to
partially recessive deleterious
mutations. The correlation was stronger
for morphological than for life-history
traits and, crucially, the two strongest
correlations were for male size and
efficiency. If condition is a major
contributor to total fitness, then the
correlation for efficiency suggests that
condition-dependent traits, such as
sexually selected body size in these
weevils, are good indicators ofmutation
loads for fitness. One reading of these
findings is that, if females can identify
males with high breeding values for
fitness-related traits, they will reduce
the mutation load in their offspring
(‘goodgenes’benefits).This isanexciting
result. Its generality is readily tested, as
the method is applicable in any taxa
where controlled matings can be
conducted. Although breeding values
are best calculated from an extended
pedigree, they canalsobemorecrudely
estimated from trait heritability and an
individual’s phenotype.What are the future challenges?
One area of uncertainty is how best to
explain variation in the correlation
between inbreeding depression and
breeding values. Do correlations vary
among traits due to differences in the
number of loci with recessive mutants,
the effect of such mutants when fully
expressed, the level of dominance,
epistasis, and/or the gene frequencies
of recessives? Correlations differ from
regressions as they describe
goodness-of-fit and not the magnitude
of the effect of a change in one variable
on a second. Two relationships with
different regression slopes can have
identical correlations, but
simultaneously, measurement error
makes detecting a correlation more
difficult if the slope is shallow or if the
explanatory variable shows little
variation. Does a weak correlation for
a focal trait imply that the effects of
inbreeding are small, or that breeding
values are hard to estimate precisely
or, perhaps most importantly, that
there is genuinely little variation in
breeding values? These are questions
for the future, but they highlight how
this elegant empirical study could
reinvigorate interest in good genes
processes of sexual selection. The new
study [4] also promotes a method
to test the importance of
mutation–selection balance that can be
more widely taxonomically applied
than other current approaches, which
rely on mutation accumulation in
clones/inbred lines, or long-term
artificial selection experiments [12].
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an EFF in Dendritic ArborizationThe development of neuronal dendritic trees involves positive and negative
control of growth and branching, as well as modulation of the spacing and
orientation of branches. A new study reveals the importance of a membrane
fusogen in the dendrite arborization of a pair of highly-branched worm sensory
neurons.Brikha R. Shrestha
and Wesley B. Grueber
A fascinating property of neurons is the
striking diversity in the morphology oftheir dendrites. Dendritic arbors can
differ in size, shape, branch
complexity, and geometrical features,
such as branch angle, with important
implications for how sensory orsynaptic inputs are sampled and
processed by neurons. The emergence
of dendritic patterns during
development is a dynamic process
involving both protrusion and
retraction of branchlets over time and
long-term stabilization of a subset of
branches [1,2]. Our understanding of
the molecular mechanisms of dendrite
pruning and regression and the
importance of these processes during
normal dendrite development is still
incomplete. Pruning is important
during the sculpting of neural circuits in
diverse systems, and knowledge about
the mechanisms involved has emerged
Figure 1. Dendritic arborization in PVD neurons in wild-type and eff-1(hy21) mutant animals.
(A) PVD extends longitudinal processes along most of the length of the worm. From these 1
dendrites sprout successively higher-order branches at approximately right angles. The
regular branching and spacing of arbors creates structural units that resemble menorahs
(arrows). (B) In eff-1(hy21) mutants, the number of 2 and 3 branches is greatly increased
and menorah branches show irregular angles (arrows). (C) The authors’ model for dosage-
dependent function of eff-1 in the maintenance of PVD branching. Reduced eff-1 leads to
arbor overgrowth and irregular branching, whereas increased eff-1 dosage leads to arbor
simplification.
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connections in the vertebrate
neuromuscular junction [3], axon
pruning and synapse elimination
between the climbing fiber and Purkinje
cells in mice [4], pruning of insect
neurons during metamorphosis [5],
and several other systems [6]. A new
study by Oren-Suissa and colleagues
[7] now reveals an unexpected player
in the control of dendrite growth and
pruning by showing that epithelial
fusion failure-1 (EFF-1), a molecule
important for cell fusion in the
nematode Caenorhabditis elegans, has
a critical role in sculpting the complex
arbor of PVD sensory neurons.
In metazoans, cell fusion occurs in
a highly stereotypical manner as
part of normal development and
is important for processes such
as fertilization, cell migration,
differentiation, organ development,
and muscle formation [8]. EFF-1 is
a nematode-specific fusogen that
localizes to the appropriate sides
of fusion-fated cells and, when
expressed ectopically, is capableof allowing apposing membranes
of neighboring cells to fuse [9].
Fusion results in the complete loss
of intervening membrane between
two cells [8,10] and mixing of their
cytoplasmic contents [8]. EFF-1
contains a phospholipase A2 (PLA2)
consensus and an extracellular
hydrophobic peptide (EHP) similar to
viral fusion peptides [9,11]. Structure–
function studies have shown that EFF-1
function relies on the EHP region for
proper localization to fusion-fated
membranes [9]. However, the exact
mechanism of EFF-1-mediated fusion
is unclear.
PVD neurons are a pair of bilateral
sensory neurons that sense harsh
mechanical stimuli and noxious cold
[12], and are an emerging model for
studies of dendrite morphogenesis in
C. elegans. The dendritic morphology
of PVDs is strikingly complex for worm
neurons: arbors show non-overlapping
coverage of most of the animal and up
to six branch orders (Figure 1A) [7,13].
Higher-order dendrites repeatedly
branch from parent dendrites atapproximate 90 angles, giving rise to
structural and likely functional units
called ‘menorahs’ (Figure 1A).
Interestingly, Smith et al. [13] show that
PVD branches can associate with other
nerve fascicles along the body wall,
suggesting a possible pathfinding
mechanism for dendrites that could, in
part, explain their very regular
arrangement. Oren-Suissa and
colleagues [7] focused their studies
on the role of eff-1 in PVD arborization
and show that the orderly arrangement
of PVD dendrites is severely disrupted
in eff-1 mutants. Second and third
order dendrites branch excessively,
and menorahs show very irregular
branching angles (Figure 1B).
Expression of EFF-1 specifically in
PVD neurons of eff-1 mutants partially
rescues the mutant phenotype
(expressing EFF-1 in both epidermis
and neuron allows no better rescue),
whereas overexpression of EFF-1
in wild-type PVD neurons leads to
reduced branching. Live imaging
experiments revealed that
overexpression-induced arbor
simplification arose from a
combination of increased retraction,
decreased growth, and fission events
that caused dendrite breaks and
trimming of menorahs. The authors
also report that an EFF-1::GFP fusion
protein localizes to PVD neurons and
underlying hypodermal seam cells,
altogether consistent with a scenario in
which EFF-1 acts cell-autonomously in
a dosage-dependent manner to restrict
branching and set the appropriate
complexity and arrangement of PVD
dendrites (Figure 1C).
The central question then is: how
does the fusogen EFF-1 act to restrict
dendritic arborization and maintain
order? The authors addressed this
question by performing a series
of temperature-shift experiments
on worms carrying a temperature-
sensitive eff-1 allele. At a restrictive
temperature, arbors were
disorganized and time-lapse imaging
revealed that dendrites were
uncharacteristically static. Dynamic
behavior of dendrites resumed within
hours of temperature downshift and
recovery of EFF-1 function. At the
permissive temperature, some sister
dendrites showed contact-dependent
retraction — a behavior that occurs
normally during PVD development to
space branches appropriately across
the body [7,13] — and other branches
established apparently stable
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R675inter-branch loops. Free movement
of GFP was observed throughout the
loops and, after photobleaching of the
internal region of stabilized loops,
symmetrical fluorescence recovery
occurred from both sides of the loop.
Although fasciculation could play a role
in the formation of such loops, these
observations suggest that inter-branch
fusion can also occur in an EFF-1-
dependent fashion. Whereas these
loops were induced and analyzed
underconditions inwhichEFF-1activity
was experimentally manipulated
throughout development, the authors
found through studies of archival
transmission electronmicrographs that
loops occur in menorahs of adult
wild-type neurons, suggesting that
fusion is important for normal dendritic
development in these cells. Taken
together, thesedata suggest that EFF-1
activity can promote branch retraction,
fission, as well as inter-branch fusions,
all of which help to ensure proper
patterning of PVD dendrites.
The recent studies of PVD neuron
arborization open interesting directions
in the study of dendrite formation,
retraction and maintenance. Several
questions remain to be answered
about the role of EFF-1 in these
processes. One important issue will
clearly be to understand how EFF-1
is capable of mediating both branch
retraction and fusion. Oren-Suissa and
colleagues [7] propose a model in
which trans-interaction between EFF-1
could result in autofusion whereas
larger EFF-1 complexes on dendrites
could promote retraction. Can these
roles be dissociated molecularly, and
if so, what is the significance of fusion
for the normal physiology of thedendrites of PVD neurons? Given the
findings of Smith et al. [13], it would
be interesting to know what role, if
any, fasciculation between PVD and
other nerve fascicles plays in PVD
arborization and, given the
disorganization of dendrites in eff-1
mutants, whether EFF-1 participates
in such fasciculation. It could also
be informative to perform rescue
experiments with EFF-1 mutants
lacking the PLA2 consensus or the
EHP to determine whether the domain
requirements are the same as for
rescue in other cellular contexts [9].
Interestingly, EFF-1-dependent
neurite fusion can also occur during
regeneration of laser-damaged axons
in C. elegans [14]. Understanding these
newly emerging roles for EFF-1 in the
nervous system should therefore
further our understanding of neurite
formation, regression, and
regeneration. The PVD neurons
will undoubtedly provide a powerful
emergingmodel to study not only these
problems, but also general molecular
mechanisms of dendritic patterning
and the relation to sensory function
[7,13]. It seems that many surprising
insights lie ahead.References
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DOI: 10.1016/j.cub.2010.06.053Synthetic Biology: Now that We’re
Creators, What Should We Create?A ‘synthetic’ microbe has been created by introducing the artificially produced
genome of one species into the cytoplasm of another. The technology allows
the introduction of easily transferable adaptive units, as well as sets of genes
that have likely never been transferred successfully.Frederick M. Cohan
Craig Venter and colleagues [1] have
realized their long-touted ambition
to build a synthetic organism, anaccomplishment with significant
implications for biotechnology and
scientific investigations of microbial
physiology, ecology, and evolution.
This technology may eventually allowus to construct a bacterium with
any desired set of changes from an
existing organism, including huge
but precisely engineered deletions
or insertions of genes from other
organisms, as well as targeted changes
in existing genes. The technology will
allow investigation of issues that are
not accessible through more standard
introductions of limited sets of linked
genes [2] or even massive but
uncontrolled introductions of
thousands of genes [3].
The Venter team first synthesized
the entire genome of a donor organism,
